THE INSTITUTION OF PRODUCTION ENGINEERS 


INAUGURAL MEETING OF THE SHEFFIELD 
SECTION. 


Speech by the President of the Institution, Sir 
Herbert Austin, K.B.E. 


IR HERBERT AUSTIN: Well, Gentlemen, I really think I 
must be getting quite a good President, because I attended the 
Annual Meeting of the Coventry Section on Friday, and here I 

am in Sheffield on Monday. You might almost think I am afraid of 
losing my job! If I don’t put in some time as President of the 
Institution, I may lose it!!! 

At the end of January a new Section of the Institution was opened 
at Leeds to take care of Yorkshire, and as a natural sequence, 
Sheffield now wants a Section of its own. I have known Sheffield for 
a good many years, and my experience has been that if there is 
anything good, Sheffield has it. This meeting is a proof that there 
are sufficient people in Sheffield interested in the Institution’s 
future, not only to come and listen to lectures but also to take part in 
activities of what I hope and trust will become a very successful 
Section. The inauguration of the Sheffield Section brings the num- 
ber of local Sections up to nine ; quite a respectable figure. 

I believe the only other Institution which fosters local Sections to 
any great extent is the Institution of Electrical Engineers who I 
understand have 13 or 14, but then, they have been in existence for 
many years. Very soon we shall be the leading Institution in the 
country, in the number of local Sections, and I am sure you will agree 
that in these difficult times it is a very healthy sign to see the 
Institution not only holding its own, but steadily expanding. 

I remember when the formation of the Institution was originally 
mooted the objection was raised that there were already too many 
Institutions of the kind throughout the country, and this would only 
make another one. While I did not condemn it I sugested that the 
matter ought to be very carefully considered before being pushed to 
a conclusion. I am free to admit that I sometimes make mistakes 
and this certainly was one. The speed at which the Institution has 
progressed during the last year or two is ample proof that we can 
hope for considerable success in the future. 

The duties of production engineers as we know them in this 
country are not, perhaps, quite the same as in the United States. As 
long ago as a year or two before the War we had a production 
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engineer at Longbridge Works but in our case the production 
engineer or manager is a technical man of considerable commercial 
experience. His work is largely of an organising character and he is 
not necessarily brought into the experimental departments or any 
work of that description. 

I am sure that production engineers are fully alive to the necessity 
of keeping abreast of the times through a scientific institution of their 
own, and if we have the right men at the head of each Section, dili- 
gent and capable secretaries to look after the business side, seeing 
that the meetings are interesting and keeping the members together, 
there is no reason why we should not in a few years’ time have a 
really strong membership. 

At present you have a Provisional Committee for Sheffield and 
District, and although it was only formed last month it has lost no 
time in getting to work. Already a programme has been drawn up 
for the next twelve months, which includes lectures on the following 
subjects: Grinding; Air-operated Equipment; Pulverised Fuel ; 
Power Presses; Estimating Methods; Optical Measurements ; 
Motion Study, Heavy Machine Tools; Metallurgy ; Spring Manu- 
facture. 

You will agree that with such a programme for the first year, there 
is a subject which should please every member. The programme 
also includes visits to various engineering works, such as one to 
Markhams of Chesterfield, and another to Hans Renold of Man- 
chester. 

I am certain there is scope in Sheffield and District for the Insti- 
tution, and it is hoped that the local industries will give active 
support to this new Section. 

As a matter of fact, I don’t know Sheffield as I did twenty years 
ago, but I suppose the biggest part of its production still is, what one 
would call, heavy engineering. On the other hand, Birmingham is 
full of trades where large quantities of small articles are made, but 
there is no reason in the world why firms engaged on heavy jobs and 
large pieces of machinery, although made in small quantities, should 
not reap advantage from the efforts and services of production 
engineers. At Longbridge we make some types of cars in very small 
numbers, probably less than 1,000 per year, while others we make in 
quantities of twenty or twenty-five thousand. I believe we are at the 
beginning of the recognition by manufacturers in this country of 
the value that the services of a really expert production engineer 
can be to a firm. 

I want to make the fact clear that the Institution is not a London 
body, like so many other Institutions. Our London Section has no 
greater standing or better position than any other local Section. All 
local Sections are equal, and the Council meets alternatively in 
London and the provinces, where they deal with the various matters 
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which come before them. I think that is a very good principle 
because it removes any feeling that we are paying so much towards 
the Institution for the benefit of the London members. It is not 
necessary to go to London to reap the advantages of membership. 

The Council met this month in Manchester and there were 21 
members present, at their own expense, from all parts of the country. 
The business included consideration of 74 applications for member- 
ship, of which 19 were not accepted. The Council is careful of the 
quality of its membership. 

If the Institution is to be a success, you will, as far as possible, have 
to comb out undesirables not from the point of view of personality, 
but training. If they are not eligible to become sound members of 
the Institution it is better not to allow them to join. As years go on, 
there is no reason why we should not make the conditions for 
membership even more strict. At the same time, I wish to point out 
the necessity for the encouragement of graduates. Make the 
conditions stringent but also make provision for allowing young 
engineers who lack experience to become competent. We don’t want 
to keep the Institution reserved for certain fortunate people. If the 
consulting or professional engineer gets into an Institution he does 
not usually want it to increase. That is a bad condition and the best 
way to prevent it is to have a Graduate Section to look after the 
Graduate and to allow the best of them to join. Later this month we 
are opening a Section for Graduates in Birmingham, composed of 
young engineers of twenty-one to twenty-five years of age. We also 
intend to form a local Section at Bristol. 

As President of the Institution, and as a manufacturer who knows 
the value of capable and competent production engineers in the 
manufacturing business, I wish the Sheffield Section every possible 
success. 

I know you are eagerly awaiting the remarks of Mr. Garnett and 
Mr. Field on the use of Cemented Carbide. Whatever may be 
thought of the temerity of these two gentlemen in opening the sub- 
ject—and I do admire their pluck for entering the lion’s den and 
talking about tungsten carbide, in Sheffield—we have got to 
appreciate that had we not got Sheffield or its products, probably we 
should be in a very bad way and have to buy our requirements in high 
class steels from Germany or some other foreign country. 

I am sure that Sheffield stands to-day just as high in the estimation 
of the manufacturer at home and abroad as at any time in the past. 
There is no reason why the Sheffield Section should not be the most 
satisfactory and successful of any of the Sections of this Institution 
(applause). 
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THE ECONOMIC USES OF CEMENTED 
CARBIDE AND OTHER HIGH 
DUTY ALLOY TOOLS. 


Paper, presented to the Institution, Birmingham and 
Sheffield Sections, by J. H. Garnett, M.I.P.E., 
A.M.I.Mech.E., and E. W. Field, M.JI.P.E. 


- URING the course of this paper present-day cutting materials 
De discussed from an impartial point of view, and an attempt 

is made to clarify the question as to when and where certain 
tool material can be used to best advantage. As is generally known, 
the past four years have brought about very important and far 
reaching changes in the art of cutting both metallic and non- 
metallic substances. Materials generally are being machined at very 
much higher speeds than hitherto and many that have long been 
condemned as unmachinable are being successfully dealt with. 
This applies to practically all metals ; a variety of minerals, syn- 
thetic and grown substances, including a number which have 
hitherto been regarded as unusable on account of their hardness or 
abrasive action on ordinary cutting tools. The effect of these 
developments extends far beyond the metal working field and may 
well be said to encourage new trade avenues of benefit to both this 
country and the Empire. For example, as a result of the new cutting 
alloys an extensive range of fine Empire grown timbers, which have 
hitherto been too expensive to work, can now be machined and have 
thus been raised from more or less useless lumber to a valuable 
commodity. 

The changes to which we refer are mainly due to the advent of 
certain new cutting materials, which, for the purpose of this con- 
sideration, are broadly described as cemented carbide alloys. That 
these alloys represent an advance in the technique of metal cutting 
no less significant than the introduction, some thirty years ago, of 
high-speed steel, cannot be questioned. That they have not, and 
will not, render high-speed steel obsolete, any more than the latter, 
after so many years, has entirely displaced carbon steel, is no less 
evident. Each has its place and each fulfils certain definite needs 
in the various departments of machining. 

There is another aspect of the matter, too, which cannot be too 
highly stressed. Modern high-speed steels bear little relationship as 
regards performance with their prototypes of thirty years ago. 
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There have been, and will be, remarkable improvements as our 
knowledge of metallurgy increases. Similarly, it would be absurd 
to assume that finality has been reached in the development of the 
cemented carbide cutting alloys. Despite the short time that has 
elapsed since the introduction of certain of them, great strides have 
already been made. drawbacks have been overcome and different 
grades suited to special applications are constantly making their 
appearance, 

Numerous cutting alloys in which various elements and carbides 
have been merged have been developed on the Continent and in the 
U.S.A. Some of these have reached the commercial stage, while of 
others but little has been heard. For our present purpose, however, 
we shall confine ourselves to the alloys which are generally available 
in this country, taking into consideration the characteristics and 
uses of the alloys and their relationship to the older cutting materials, 
such as high-speed steel and Stellite. 


Tungsten Carbide Alloys. 


The cemented carbide alloy that first became prominent for 
cutting tools was tungsten-carbide. This has been known for over 
thirty years as one of the hardest materials in existence but has 
been practically useless as a cutting material until recently, due to 
its brittleness and porosity when used in a cast condition. However, 
as a result of prolonged experiment it was found that by a cemented 
process an extremely dense material could be produced and many 
of the former difficulties have thereby been eliminated. The 
resultant material is still characterised by brittleness but this defect 
is not nearly so pronounced, and with proper application can almost 
be ignored. 

Speaking generally, to produce tungsten carbide cutting metals, 
which are known by trade names such as Wimet and Ardoloy, pure 
tungsten carbide is pulverised in a ball mill to a very fine flour, 
having a.grain size of about 0.0001 inch. A cemented matrix of 
metallic cobalt is introduced into the flour and after the constituents 
have been thoroughly mixed they are shaken through a series of 
gauze riddles, the material then being ready for converting to a solid 
form. To accomplish this a carefully weighed quantity of the 
flour is tamped up into a built up die and after closing the aperture 
with a punch member the flour is subjected to heavy hydraulic 
pressure. Following this the die is dismantled so that the flour can 
be removed in the cake form to which it has been compressed. 

At this stage the material can be described as hard enough to 
handle without crumbling but too soft to start shaping into tool 
bits, the latter representing the form in which the metal is commonly 
employed, i.e., cemented carbide tools are usually tipped tools, and 
the practice is to press the material into small bars of square or 
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elongated section and to produce tips by cutting and shaping these. 
However, as pressed, the material passes through a sintering process 
by heating at a carefully controlled temperature in a special type of 
electric furnace, the process being conducted in a hydrogen 
atmosphere. 

As removed from the furnace the bars have the consistency of 
graphite and can be cut with a hack-saw blade, the bits readily 
being ground to any desired shape. Simple jigs are used to hold 
the bits at the correct angles for the various faces, the pieces being 
finished with a shrinkage allowance of 25 per cent. Following 
grinding there is a final sintering process, which is similar to the 
first process, only much more prolonged, a feature of the furnace 
being that it is arranged in such a manner that the material leaves 
the furnace at room temperature. As a result of the process the 
material becomes crystallised or metallic in structure and is so hard 
that it cannot be changed in shape by the usual means and is sus- 
ceptible only to grinding with specially selected wheels. 

The above roughly represents the method of producing tungsten 
carbide cutting metal and results in a material of extremely high 
compressive strength but with a tensile strength only about half that 
of high-speed steel. In other words, the material has a hardness 
comparable with that of a diamond, and is, therefore, suitable for 
operating on materials which would quickly break down the edge of 
the finest tool steel, but has not the same ability to carry heavy 
imposed shear and bending loads. This is the inherent weakness 
of tungsten carbide and must be compensated if the material is to 
be applied successfully. 


In its original form, tungsten carbide has one other defect, in that, 
pure tungsten carbide has a very high affinity for steel. As a result, 
when the earlier metals were used on mild steel and certain grades 
of carbon steel, the cuttings were inclined to build up and weld 
themselves on to the tip. The adhesions constantly break away, 
causing cavities which are progressively enlarged, the effect con- 
tinuing until the cutting edge is damaged and must be reconditioned. 
Alternatively, the cutting action is unsatisfactory and the tool will 
ultimately fail. The cause and effect of this phenomenon is being 
closely investigated at the present time. Meanwhile a considerable 
amount of success has been achieved and the defect substantially 
relieved by introducing materials such as tantalum and titanium 
into the tungsten carbide. These have a low affinity for steel, and 
whilst they greatly enhance the properties of tungsten carbide for 
operating on steel they introduce an alternative difficulty, in that, 
having a low affinity for steel they are not easily brazed and this is 
the medium which the makers usually employ for attaching the 
tips to the shank or supporting material. 
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Molybdenum-Titanium Carbide Alloy. 

Another cemented carbide that has recently become prominent 
is produced in much the same manner as tungsten carbide, but from 
the carbides of molybdenum and titanium. This is known by the 
trade name of Cutanit and is used in a similar manner to tungsten 
carbide, a notable feature being a marked ability to resist oxidation 
at high temperatures, also the comparatively low power consumption 
for a given rate of metal removal. The material is made in one 
grade only and is designed for operating on all forms of non-ferrous 
metals and non-metallic substances as well as cast-iron and steel. 


Ne eee 















TUNGSTEN 
Caraive . 


Mowve0enun 
Trranwe Conaine - 








Fig. 1 


The low power consumption when using titanium carbide is 
probably due to the materials lack of affinity for steel and is illus- 
trated by Fig. 1. The left-hand view shows a tungsten carbide tool 
taking a turning cut and it will be observed that the top of the tool 
is shown as having a rough cratered face into which the chip embeds 
itself, and, after a certain amount of pressure, the high points 
crumble and so spoil the tool. The right-hand view shows the 
titanium carbide tip as being of undulating section over which the 
chips slide without damage to the top face, hence less frictional 
resistance and lower power consumption. 

Relative to this theory the authors point out that on the softer 
range of steels up to, say, 30 tons tensile, there is very little to choose 
between the two carbides in the matter of tool life. But between 
35 and 60 tons tensile the titanium carbide definitely has longer life 
unless a great deal of time is spent in burnishing the surface of 
tungsten carbide to remove the high points and so produce a surface 
more nearly equal to that which is a natural attribute of titanium 
carbide. An easy method of testing the different cutting character- 
istics of the two carbides, using precisely similar tools, is to take a 
light skim cut at a reasonable speed of, say 300 feet per minute, with 
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a 0.0l-inch feed, each tool slide turning for 14 to two inches of 
length. Comparison of these two surfaces will show that whilst 
the titanium carbide gives a surface which is remarkably smooth to 
the touch, the surface left by tungsten carbide has a spiked appear- 
ance and is distinctly rough to the touch. 


Cobalt-Chromium-Tungsten Alloys. 


Except for the fact that it is a cast and not a cemented material 
the cobalt-chromium-tungsten alloy known as Stellite is not unlike 
the cemented carbides. Both are notable for their tendency towards 
brittleness and high resistance to abrasion. Neither alloy can be 
tempered or worked in any way other than by grinding, a feature 
which is peculiar to Stellite being that it can be welded. This 
places the alloy in a totally different category to the cemented 
carbides, in that, being weldable, Stellite can be applied to softer 
materials at points where resistance to wear is desirable in the 
interest of efficiency or extended life. Cemented carbide has no 
applications of this character. Apart from this, Stellite has proved 
abilities as a cutting medium and in this connection the latest alloy, 
known as 40 metal, has capabilities equalled only by the cemented 

carbides. 

To produce Stellite, a mixture of cobalt chromium and tungsten, 
alloyed with approximately 2.75 per cent. of carbon, is melted in 
either an arc or induction type electric furnace ; the molten metal 
being cast into graphite moulds which conduct the heat with suffi- 
cient rapidity to ensure the requisite grain size. The metal solidifies 
in approximately five seconds after pouring, with the result that it is 
practically impossible for any dissolved gases to escape. In the 
past these entrapped gases often produced blow holes, either in the 
centre of the bar or on the surface, and the percentage of scrap from 
these causes was rather high. -However, by taking extreme pre- 
cautions to ensure the removal of dissolved gases before pouring, 
and by alterations in the design and arrangement of the moulds, 
the defect has been practically eliminated and the percentage of 
Stellite rejected on account of blow holes is now less than a half of 
one per cent. Even where blow holes do exist, the form of the cast 
bar is such that the defect can readily be detected and eliminated 
before the material is sent along for conversion into cutters or tools. 

As a rule, Stellite is used in the same form as cemented carbide, 
that is, in the form of tips brazed to a suitable shank material, but 
as its tensile strength is greater, varying from 35 to 40 tons per 
square inch, greater liberties can be taken in the manner of applica- 
tion. As an example on milling cutters it is the usual practice to 
use inserted blades of solid Stellite, as against small brazed-on tips 
in the case of cemented carbide. Stellite is also used in solid form 
for plug and ring gauges ; as dolly dies and punches for compressing 
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the manganese dioxide powder which is extensively used in electric 
battery construction. This hasachemical action whichisso severe that 
ordinary steels are useless. A special hard porcelain was previously 
used but had nothing like the strength of Stellite, a set of tools in 
the latter material often producing as many as half a million pieces. 
There are other cases where Stellite is used in a solid form but for 
the majority of purposes the practice is not recommended and would 
be unnecessarily expensive. In any case, like cemented carbide, 
the material lacks in tensile strength and for heavy duty it must 
have support and tipping is the most effective way to provide this. 

To compare Stellite with cemented carbide in respect to physical 
properties it may be said that on Rockwell test the hardness reading 
of Stellite is 60.5 to 61.5 on the C scale, or 600 Brinell and 90 schlero- 
scope, a feature being that it retains this hardness at 700 degrees 
C and after being heated to 1000 degrees C, and allowed to cool. 
The Rockwell hardness of tungsten carbide varies from 86 to 90, 
and over, in certain grades, or from 1400 to over 2000 Brinell. 
Molybdenum titanium carbide has a Rockwell hardness of 83 to 
85 on the C scale, and like Stellite is notable for its ability to resist 
oxidation at temperatures up to 900 degrees C. 

The compressive strength of Stellite, as distinct from 40 metal, is 
about 140 tons per square inch, the new 40 metal having a con- 
siderably higher strength, but reliable figures are not at present 
available. The compressive strength of tungsten carbide is known 
to be in excess of 220 tons per square inch and is higher than that 
of any other known material. Stellite has a specific gravity of 8.54, 
tungsten carbide 14.5 to 15, and molybdenum-titanium carbide 6.5, 
the latter figure being explained by saying that titanium is amongst 
the lightest of metals, whereas tungsten is one of the heaviest. In 
contrast with these figures high-speed steel has an ultimate Brinell 
hardness of 800, a compressive strength of 170 tons per square inch, 
and, with an 18 per cent. tungsten content, a specific gravity of 8.54. 

Considering the above figures it would appear that whilst the 
cemented carbides are by far the hardest, tungsten carbide being 
the harder of the two carbides specified, they are also the weakest. 
Stellite occupies an intermediate position. It is neither as hard nor 
as strong as heat-treated high-speed steel, but it possesses an im- 
portant advantage, in a certain degree shared by molybdenum- 
titanium carbide, in that, it retains its hardness at a temperature 
only slightly below that at which high-speed steel is hardened. As a 
consequence, Stellite can be applied with an almost utter disregard 
to the effects of heat generated when cutting. The net result is 
that, like the cemented carbides, Stellite can be applied at higher 
cutting speeds and to materials beyond the capacity of high-speed 
steel, the reason being that owing to its hardness retaining properties 
the cutting edge will continue to stand up, even at a red heat, and 
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the metal is, therefore, able to carry on at work and to resist abrasive 
action, even though its ultimate hardness may be lower than that 
of hardened high-speed steel. From the point of view of cutting, 
the physical properties just referred to are reduced to shop practice 
by stating that on medium quality cast-iron the following cutting 
speeds are recommended: tungsten carbide up to 400 feet ; 
molybdenum-titanium carbide up to 440 feet ; Stellite 150/250 feet, 
and 85 feet per minute for Osborns 8.0.B.V. With ordinary high- 
speed steel operating on the same material a cutting speed of 75 feet 
per minute would be recommended. 

On medium quality steels the cutting speeds are 180 to 200 feet 
with tungsten carbide ; up to 1,400 feet with molybdenum-titanium 
carbide; 300 feet with Stellite, and 120 feet per minute with Osborn’s 
S.0.B.V., ordinary 18 per cent. high-speed steel cutting the same 
material at 100 feet per minute. The cutting qualities of the 
materials on other metals and substances will be referred to in 
greater detail at a later stage. Meanwhile it may be said that in 
experiments with the molybdenum-titanium carbide a prominent 
lathe maker is machining 40 ton tensile steel at 1,000 feet per 
minute on a 3-inch deep cut, with a feed of .008-inch and has tested 
it at 1,300 feet per minute on 0.4 per cent. carbon steel, obtaining 
a mirror-like finish that had every appearance of having been 
ground. 


Shank Materials and Tool Shapes. 

Having compared the physical properties of the latest cutting 
material, we turn to a consideration of the methods by which they 
are best applied. High-speed steel is strong enough in itself to 
stand up to any loads likely to be imposed upen it within its cutting 
range, and as it can be forged and shaped readily, and is also com- 
paratively cheap, it is frequently applied in the form of a solid tool. 
But with some of the higher grades it is common practice to use 
tips, and thus cheapen the cost very considerably. In this connec- 
tion it is interesting to note that alloys like Osborn’s 8.0.B.V. or 
Allen’s Stag Major can be welded. It is general practice to butt weld 
such materials to a shank of cheaper material and thus produce what 
is to all intents and purposes a solid tool capable of an improved 
cutting performance at minimum cost. The cutting shapes and so 
on for high-speed steel tools are quite well known and need not be 
commented upon. 

With cemented carbides and Stellite the position is not so well 
defined and is accordingly briefly examined. To obtain the best 
service from either alloy it is essential that their limitations in the 
matter of tensile strength be recognised. The alloys must have 
support and the support must be provided with due regard to the 
forces acting on the tool. For example, on a lathe tool used for 
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slide turning there are three forces operating in the directions 
graphically illustrated by Fig. 2. 
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FORCES ACTING AT POINT 
OF SLIDE TURNING TOOL 


Fig. 2 


One is the feeding force F, and is directed against the side of the 
tool parallel to the axis of the work. The second force R represents 
the radial pressure, which acts against the end of the tool in a 
direction parallel to its axis. The third force T represents tangential 
pressure, which is directed down on top of the tool in a vertical 
plane. 

These three forces are shown as the edges of a rectangular box 
viewed in perspective. The resultant of the forces is the diagonal 
E of the parallelepiped, the latter representing the equivalent force, 
which, if acting singly, would produce exactly similar loading condi- 
tions as the three separate forces acting simultaneously. It is this 
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force, and in particular its direction, that must be considered in 
designing tools to take full advantage of the compressive strength of 
cemented carbides and Stellite and to minimise the shearing action 
which is fatal to the life of tools tipped with these materials. Large 
shanks with minimum clearance, assist in dealing with shear loads 
and where conditions permit, the tool should be so designed that 
the tip operates under push cut conditions. On the majority of 
tools tips are brazed on to a step cut surface, but in bar turning tools 
the tip is brazed into a slightly inclined slot, or, alternatively, into a 
dovetail groove, cut in the end of the shank material. By these 
means the tip is held with great rigidity and in such a manner that 
only a very minimum of the cutting metal is exposed, the rest of 
the tip being embedded in the supporting material. As the tool 
wears, the act of grinding removes some of the shank material and 
exposes a further portion of the cutting metal and so on until the 
tip is worn out. With tools designed on these lines the bulk of the 
resultant cutting pressure is directed axially along the length of the 
tool shank, thus utilising the compressive strength of the tip material 
in an effective manner. The material used for tool shanks should 
be of good quality and in the case of tungsten carbide a cast-steel 
with a carbon content not higher than 0.5 per cent., and a tensile 
strength of 45 tons, is recommended. Steel with a higher percentage 
of carbon tends to temper when raised to brazing temperature and 
this prevents the tip being securely fixed. The actual brazing 
operation is one in which every care should be exercised, cleanliness, 
correct temperature and the specified brazing materials being essen- 
tial to success. 

As regards cutting angles and clearances, these vary in accordance 
with the material to be cut. With Stellite a front clearance of not 
more than six degrees is advised and the top of the tool should be 
ground with a side rake of six degrees for cast-iron and 10 degrees 
for steel. With tungsten carbide, cast-iron is best machined with 
a front clearance of from four to six degrees and a top side rake of 
10 to 15 degrees. This is increased up to 24 degrees for 
metals such as copper and aluminium, and reduced to as low as 
three degrees for hard metals such as manganese steel and chilled 
iron. For materials such as porcelain, marble, bakelite and so 
forth, the tools should have no top rake, and in some cases a slight 
negative rake is desirable. This applies particularly to form tools 
with sharp corners and unsupported points and is done with a view 
to utilising the compressive strength of the metal on the lines indi- 
cated by the diagram we saw in Fig. 2. When turning steel the 
point of the tool should be located about one degree of the diameter 
of the work above centre, and dead on centre when boring or when 
turning castings, bronze, brass, and other materials. 

The grinding of the tool is best done on machines and with wheels 
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specially designed for the process. The grinding should always be 
done wet using moderate pressure and the face of the wheel should 
be used so that a definite front clearance with maximum strength 
of cutting edge can be ensured. This is important and is not 
obtainable by grinding on the periphery of a circular wheel. With 
proper equipment the process is neither difficult or lengthy, providing 
the tools are treated reasonably and not allowed to become too dull, 
one point being that in the interests of finish it often pays to improve 
on the ordinary grinding finish and to this end the makers of 
cemented carbide grinding machines generally provide for mounting 
a burnishing wheel. If extra smoothness is required diamond 
lapping is resorted to as a final process. 





Fig: 3 


The results obtainable by paying close attention to the grinding 
and finishing of the tools is clearly indicated by Fig.3. This contains 
three photographs all having a magnification of 210 diameters. 
No. 1 shows a tool edge which has been rough ground only. No. 2 
shows the same edge after finish grinding, and No. 3 the same edge 
after burnishing with a diamond dust impregnated lap. The latter 
process is rather a long one if an edge similar to that shown by the 
photograph is to be obtained but five minutes only at the lapping 
process will show a vast improvement on the No. 2 edge even if it 
does not approach that shown as No. 3. It may be noted that the 
aforesaid diamond dust laps are supplied for hand as well as machine 
use, the intention being to encourage the operator to touch up the 
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tools immediately they show signs of wear, instead of allowing 
them to run on when they are obviously not in the best cutting 
condition. 

As an alternative to the diamond dust lap, which is fairly expen- 
sive, ordinary silicon carbide powder can be used to quite good effect, 
the difference between the diamond burnished and the silicon 
carbide burnished tool being largely in appearance. The former 
type of lap gives a highly polished surface and the latter a matt 
surface. Appreciating this if the theory put forward by Fig. | is 
to be accepted, diamond dust burnishing must be taken as the more 
effective method, since according to the orignal contention a 
highly polished surface must conduce to a better chip sliding action 
than a matt surface, the latter being indicative of the surface rough- 
ness to which exception is taken. 


Relative Cost of Tooling with Cemented Carbide as against 
High-Speed Steel. 

Having considered the various new cutting alloys and commented 
upon their use and maintenance, we now turn to the question of 
application, taking the view that whatever merit the alloys possess, 
as the tools to which they are applied are generally much more 
expensive than high-speed steel tools, they must show definite 
saving before their use can be justified. It is extremely difficult 
to put forward really reliable economic figures with regard to the 
use of cemented carbide cutting tools, as conditions vary to such a 
great extent, and where the material is particularly successful on 
one layout it may not be anything like so good on a similar job in 
another factory. Another difficulty in the preparation of relative 
costs is to secure definite comparisons of the life of the cutting tools 
and thus reach a replacement figure fair to both types, that is, to 
cemented carbide and high-speed steel. Under these circumstances 
the following figures must only be taken as covering the one set of 
conditions to which they refer, although the method of obtaining 
them may form a basis for many similar comparisons. 

A wide experience of the use of cemented carbide tools in general, 
applied to three or four definite examples have resulted in the 
following conclusions. The production time when using cemented 
carbide tools is nearly always considerably shorter than when using 
high-speed steel tools. On the other hand the initial cost and upkeep 
of the former are somewhat higher and it is necessary to make allow- 
ance for this in any calculation which may be made. 

The fact that a machine tool using cemented carbide is more 
productive indicates that the operator should be rated somewhat 
higher than when using high-speed steel, and in view of the heavier 
duty the machine is called upon to give it seems reasonable to shorten 
the replacement period. 
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Chart No. 1 (Fig. 4) will illustrate these points. The example 
being a cast iron bracket machined on a small combination turret 
lathe. 

TURRET LATHE 





Floor to floortime -  — H’hSp’d St’l: Tung’n Car’e :: 40min. : 20min. 
Wages Basis - - -H S S :T Cc 2: 15d.p.hr. : 18d.p.hr. 
Cost of M/c. and E pnt. - a eee C :: £600 : £620 
LifeofM/c- —- -H §S ee 3 Cc 33 Syre. : 3 yrs. 

Ma. &. Ss Te te 
Average depreciation per } £600 £620 
hr. of M/c. and Equipt. — ——_——— — 





6yrs. of 50wks. of 45hrs. 3y rs. of 50wks. of 45hrs. 








10.66d. per hour 22.04d. per hour. 
Other overheads P pn & @ se Cc 3: 150 p.c. : 200 p.c. 
Therefore : a. $ SS. az. & 
Mee son d.- 
Cost of labour . ; - 40 mins. at 1/3 = 10.00 20 mins. at 1/6 6.00 
Cost of M/c. per — . 40/60 of 10.66d. = 7.10 20/60 of 22.04d. 7.35 
Overheads . : . 150 p.c.on 10d. = 15.00 200 p.c.on 6d. = 12.00 
Cost per piece. . : : . ‘ - 32.10 25.35 
Fig, 4 a saibos 


To explain the figures it will be observed that the operator 
using tungsten carbide is rated at 3d. per hour more than when 
using high-speed steel, and the cost of the machine using tungsten 
carbide is £20 higher than for high-speed steel equipment. The life 
of the high-speed steel equipped machine is given at six years, as 
against only three years for tungsten carbide. The overheads 
(which are merely relative and do not necessarily represent any 
definite practice), are taken as 150 per cent. and 200 per cent., 
respectively, the increase when using tungsten carbide covering 
possibilities such as extra cost of grinding the cutting tools, increased 
inspection charges due to increased output in the same time, and 
additional power to drive the machine at higher speeds. After taking 
these items into consideration, according to the chart the cost per 
piece works out at 32.10d. for high-speed steel, as against 25.35d. 
for tungsten carbide. 

A second example is a plain gun-metal bush, two inches outside 
diameter by two inches long and 1}-inch bore. Boy labour is 
employed on the machine and the difference in time is four minutes 
with high-speed steel tools cutting at 120 feet per minute, as against 
one minute forty-five seconds when using tungsten carbide turning 
and boring tools, but retaining a high-speed steel reamer. The 
relative price of the machine and equipment can be taken as £290 
and £305, the latter representing the machine equipped with 
tungsten carbide tools. Using the same rate of depreciation, i.e., 
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three years against six years, and allowing the operator giving the 
greatest production 14d. per hour more than the other, the results 
given in chart form by Fig. 5 are obtained. For convenience in 
supplying the resultant figures the time for machining 10 bushes is 
taken, the cost working out at 1.344d. per piece with high-speed 
steel tools, as against 0.973d. per piece with tungsten carbide tools. 


CAPSTAN LATHE 





Floor to floortime . - HhSp’d St’l: Tung’n Car’e :: 4mins. :1} mins. 
Wages basis ‘ a a Sek? c. :: 6d.p.hr. : 7$d.p.hr. 
Cost of M/c. and Equipt. . on a ae Se C. :: £290 > £305 
Life of machine . a we ae See C. :: 6 yrs. :3 yrs. 
Depreciation perhour .H. S. S. :T. C :: 5.15d.p.hr. : 
10.84d.p.hr. 

Other overheads a? a ae ee A c. :: 160 p.c. : 200 p.c. 

H. 5s. $. re A 

d. d. 
Cost of labour for 10 pieces, 40 mins. at 6d. 4.00 174mins. at 743d. 2.19 
Cost of machine tor 10 pieces 40/60 of 5.15d. 3.44 174/600f10.84d. = 3.16 
Overheads, 150 p.c. on 4d. : , : 6.00 200p.c.on2.19d. = 4.38 
Cost per 10 pieces. : ‘ ‘ ‘ 13.44 ; ° ; 9.73 
Cost per piece . ‘ - ; ‘ ° 1.344 . , - =0.973 
Fig. 5. 


As a further example let us consider the relative production for 
a lathe sufficiently old to have ceased being depreciated, that is to 
say, it stands at nothing on the plant book. Let us also assume 
the lathe has been kept in sufficiently good condition to still use 
high-speed steel to advantage. The gun-metal bush figures would 
then be as shown by Fig. 6, the chart indicating a reduction of 
0.344d. to ld. per piece with high-speed steel. 


CAPSTAN LATHE. 











B. 3. &. i: oo 
d. d. 
Cost of labour for 10pieces 40mins. at 6d. = 4.00 174mins. at 7$d. = 2.19 
Cost of machine for LOpieces nil. 174/60 of 10.84d. = 3.16 
Overheads . . 150p.c. on 4d. 6.00 200p.c.on 2.19d. = 4.38 
Cost per 10 bushes ‘ ; . ° 10. 00 9.73 
Cost per bush . ‘ ‘ : , - = 1.00 0.973 
Fig. 6, oo 


Notwithstanding the fact that the case for tungsten carbide is 
by no means favoured by the cost figures in either of the examples 
quoted it would appear that the increased production which can be 
secured by its intelligent use will justify consideration of new plant 
even when existing plant has ceased to be subject to depreciation. 
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PLANING MACHINE 

















Floor to floor time . - H’b Sp’d St’1: Tung’n Car’e:: 17 hrs. : 8 hrs. 
Wages basis : = - = te C. :: 1/8 p. hr. :2/- p. hr. 
Cost of M/c. and Equipt. « ae ee ae Ss C. :: £1,500 : £1,600 
Life of M/c. ‘ ee Se, Be oe C. =; @ ¥Fs. :3 yrs. 
HE. &. §&. cme 
Average depreciation per } £1,500 £1,600 
hr. of M/c. and Equipt. } Gyre. of 50wks. of 45hrs. 3yrs. of 50wks. of 45hrs. 
= 26.6d. per hour = 56.8d. per hour 
Other overheads , oR Gee Bea $<, :: 150 p.c. : 250 p.c. 
n.. = ©. T. C. 
Therefore : Zs. o.& a: 
Cost oflabour . , -l7hrs.at1/8 =1 7 6 8hrs.at2/- =016 0 
Cost of M/c. per piece -17hrs. at 26.6d. =1 17 7 8hrs.at56.8d.=117 9 
Overheads . : ‘ .150p.c.on 27/6 =2 1 3 250p.c.onl6/-=2 0 0 
Cost per piece . : ; ; ‘ - £5 6 4 £413 9 
Fig. 7, 


On other types of machine tools corresponding savings are effected, 
as indicated by Fig. 7 which gives figures relating to a planing 
machine. In this instance it has been assumed that the machine 
would be identical whether used with high-speed steel or tungsten 
carbide, but the cost of the latter would be £100 more than the 
former in a three-year depreciation period to cover the cost of a 
supply of tungsten carbide tools. The production time quoted in 
each instance is from actual observation over a period of several 
months, and to arrive at the figures the overheads have been 
increased to 250 per cent. on the tungsten carbide calculation as 
the higher planing speed demands more power in the same period 
and should a tungsten carbide tool chip under intermittent cuts it 
takes a considerable time to re-grind. As shown by the chart the 
cost per piece works out at £5 6s. 4d. with high-speed steel, as against 
£4 13s. 9d. with tungsten carbide. Another point of interest in this 
comparison is that the material under cut has been considerably 
improved and whereas it had a brinell hardness of 205 when the 
high-speed steel figures were secured, it now gives a Brinell reading 
of between 235 and 240 and would be almost impossible to cut as a 
production job with high-speed steel. Taking as an alternative 
example an old-type machine on which there is no depreciation, 
the cost with high-speed steel is reduced to £5 per piece, as shown 
by the chart embodied in Fig. 8. 
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PLANING MACHINE. 














a. & &. : a 
ie  * it =. 
Cost of labour . 24hrs.at 1/8 = 2 0 O 8hrs. at 2/- = 016 0 
Cost of M/c. per piece Nil. 8hrs. at 56/8 2) a 
Overheads. - « 160p.c.onf2 = 3 0 O 250p.c.on16/- =2 0 0 
Cost per piece . ‘ ° ° - £5 0 0 #413 9 
Fig, 8. 


As used on hand-operated machines and even on multi-tool 
machines such as a turret lathes a point about cemented carbide 
which is rather important from a cost point of view is that it is often 
possible to reduce the number of tools, and consequently the cost, 
merely as a result of the hardness of the cutting metal. With high- 
speed steel tools it is common practice when operating on castings 
and forgings to use a roughing tool of somewhat different shape to 
the finishing tool, mainly in order to get beneath the scale. With 
tungsten carbide this is frequently unnecessary as the metal is 
impervious to scale and a finishing tool of the correct shape can be 
used to complete the work in one cut. Similar remarks apply to 
Stellite tools. 

Associated with automatic machines the case for cemented 
carbide tools is not so well defined. At the same time a great deal 
depends on the class of work handled and the conditions of opera- 
tion. In this connection the first consideration will be the same as 
if the machines were equipped with high-speed steel, i.e. does the 
quantity of components to be machined justify the automatic and 
secondly is it possible to group the automatic with others so that 
the labour cost can be brought down. One must also take into 
account the question of length of tool life between visits to the 
grinding shop. Machines operating on cast-iron and non-ferrous 
metals at approximately the same speed as for high-speed steel will 
run for days and even weeks without attention and under these 
conditions there are many cases where cemented carbide tools are 
undoubtedly worth while. In fact at a large textile machinery 
works producing cast-iron gear blanks and similar pieces in large 
quantities by adopting tungsten carbide tools, the output from a 
battery of automatic chucking machines has been increased by 
three to one over high-speed steel figures. But against this the 
cost of the tools is five times greater and replacements are slightly 
more frequent. At this particular works the practice is to use a 
cutting speed of 226 feet per minute on a feed of 0.012-inch per 
revolution. On machines producing steel components, conditions 
are much more difficult and whilst a new type of cemented carbide 
has recent! been introduced which shows excellent results on steel 
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at two or three times the peripheral speed at which high-speed 
steel tools will stand, sufficient data has not yet been compiled to 
confirm first impressions and we, therefore, consider that for general 
use on automatic machines the wholesale adoption of cemented 
carbide tools is at present somewhat debatable. 

In considering automatic machines a point to be remembered is 
that on chucking machines equipped with cemented carbide higher 
cutting speeds are used and in consequence there is a shorter time 
interval between loading. This has the effect of reducing the 
number of machines to which one operator can attend and results 
in adding to the production cost per piece. The effect is shown in 
chart form by Fig. 9, the same method of costing being used as in 


AUTOMATIC CHUCKING MACHINES 














No. of M/c.in battery . H’h Sp’d St’l: Tung’n Car’e :: 5 74 
Floor to floor time mS BS te C. :: 20 : 14mins. 
Gross Output perhour .H. S. S. :T. c. 3 5S i s 
Wages basis per hour MG oS. 2a ©. 1 30d. : 30d. 
Cost of each machine Mm Sees. i. £1,200): £1,250. 
H. Ss. S$ al eas 
Depreciation per M/c. } £1,200 £1,250 
per hour —- 
44yrs. of 50wks. of 45hrs. 3yrs. of 50wks. of 45hrs. 
28.4d. 
Other overheads s . 2 Reeve ae C. 3 Ope. 1176 pc. 
i Se << 
Therefore : d. oe) d. 
Wages cost per piece. - 20/60 of 1/5 of 30d= 2.00 14/60 of } of 30d. 
1.75 
Depreciation per piece . 20/60 0f28.4d. =9.47 14/60 o0f 44.4d. 10.36 
Overheads : . . 150 p.c. on 2d. = 3.00 175p.c. on 1.75d. 3.16 
Cost per piece . ‘ e ‘ : ‘ - 14.47 15.27 
Fig, 9. 


the previous examples, only in this instance the wages’ cost includes 
the cost of a minder in addition to the setter and is the same for 
both high-speed steel and cemented carbide tooled machines. 
With the latter material an output of one piece in fourteen minutes 
is obtained, as against one in twenty minutes with high-speed steel 
and to balance this the battery of machines in the hands of one set 
of operatives has been reduced from five to four. As a consequence: 
the cost per piece works out at 14.47d. for high-speed steel as 
against 15.27d. for cemented carbide. One point is that in this 
case the overheads on the cemented carbide machines are taken as 
175 per cent., as against 200 per cent. in previous examples. The 
reason for this is that the inspection charges are approximately the 
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same as for the larger battery using high-speed steel, the latter 
producing 15 and the former 17 pieces per hour. 

With regard to the depreciation period attention is draw to the 
fact that the high-speed steel equipped machines are expected to 
recover capital cost in four and a half years, whereas six years has 
been the period in all previous examples. This naturally reacts 
against high-speed steel equipment, but even with all these allow- 
ances it would hardly seem an economic proposition to use cemented 
carbide on an automatic chucking machine unless it were capable 
of approximately halving the previous production time. With an 
automatic machine of any kind it is unwise to cut at the same 
speeds as on a hand operated machine, because in the latter case the 
operator is constantly on the machine and can readily observe any 
trouble which may occur to the tools. whereas on a battery of auto- 
matics there are long periods where there is no observation and if a 





Fig. 10. 


roughing tool should chip, finishing tools operating on the same 
surface will be called upon to give additional duty and are also 
likely to cause trouble before being noticed by the operator. 
Examples of Tungsten Carbide Practice. 

In further consideration of the question of relative tooling costs 
we briefly refer to a number of examples selected from actual practice 
in a number of different shops. The first example is illustrated in 
Fig. 10 and is concerned with the machining of large calendering 
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rolls in a special lathe built by John Holroyd & Co. Ltd., 
Milnrow. The roll is made from hard cast-iron and_ is 
20 inches in diameter by eight feet in length. It is turned to 
size, cut to length and bored with Wimet cutting tools in nine hours 
forty-five minutes, floor to floor, the time representing a reduction of 
2} to 1 as compared to machining with high-speed steel. 

As illustrated the roll is mounted between centres and the turning 
tool, which is upside down and cuts with the work revolving in the 
reverse direction, that is, clockwise, is taking a 3-inch deep cut over 
the rough cast surface at a cutting speed of 250 feet per minute on 
a feed of 24 cuts per inch. With high-speed steel tools the practice 
was to use a cutting speed of 60 feet per minute on a feed of 20 cuts 
per inch. After rough turning, the roll is removed for balancing 
and following finish turning it is bored and cut to length. For 
boring, the right-hand end is supported in a steady, and the tail- 
stock spindle which has an auxiliary drive and contains a traversing 
spindle, is applied to the bore. The work is revolved slowly in one 
direction and the boring spindle in the opposite direction at a high 
speed, thus providing the requisite cutting speed. The machine is 
electrically-driven throughout, the headstock motor being of the 
variable speed type and giving speeds ranging from 66 to 400 
r.p.m. at the spindle. The actual cutting speed is registered as feet 
per minute for various diameters on a large dial seen in front of 
the headstock. 

At the same works compressed cotton and paper rolls of a corres- 
ponding size are machined with Wimet tipped tools, whereas they 
previously had to be ground, and steel rolls are being machined at 
300 feet per minute, as against 75 to 80 feet per minute with high- 
speed steel, a six feet long roll being machined in from twelve to 
fourteen hours. In both cases the cut is }-inch deep, but for high- 
speed steel a feed of 16 cuts per inch is used, as against 20 cuts per 
inch with tungsten carbide. On cast-iron the tools machine two 
to three rolls and on steel two rolls before they require touching up. 
The tools are also used for machining stainless steel at cutting speeds 
of 80 to 100 feet per minute, as compared to 30 to 40 feet per minute 
with high-speed steel. 

Applied to the rough and finish turning of cast-iron pillars for 
radial drilling machines, a well-known machine tool-maker has 
effected substantial savings by adopting tungsten carbide tools. 
Pillars 19 inches in diameter by nine feet in length are being rough 
turned at 150 feet per minute, taking a 34-inch deep cut at a feed of 
22 cuts. per inch. The finishing cut is }-inch deep and is taken at 
the same feed but at a cutting speed of 180 to 200 feet per minute. 
The tools machine two pillars between grinds and machine an 
average of 20 pillars, the net saving resulting from their adoption 
being equal to 24 hours per pillar. 
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The effect of cemented carbide cutting tools on engineering devel- 
opment is forcibly indicated by Fig. 11. This shows a B.S.A. Tools 





Fig: 11 


Ltd. multi-tool lathe engaged in rough turning, facing, and grooving 
pistons for the 10 h.p. Austin car. These are made in Lo-Ex alloy, 
which is an aluminium alloy with a high silicon content, the resultant 
material having such a severe abrasive action on ordinary cutting 
tools, that whilst it has been known for a number of years and 
been highly appreciated for its low coefficient of expansion when 
heated, it was put aside as a piston material owing to machining 
difficulties. In fact 22 per cent. tungsten high-speed steel tools 
completely fail on the material. With tungsten carbide the pistons 
are machined quite easily, and as a consequence the alloy is rapidly 
being standardised as a piston material. The machine carries four 
groups of tools, one in front, one behind, one beneath and one at the 
end of the work, and these machine the piece to a point where it only 
requires finish turning on the top diameter, the latter operation 
being done with a diamond tool. The gudgeon pin hole is rough 
bored with a tungsten carbide tool and sized with a diamond tool. 
For the turning operation illustrated the floor to floor production 
time is 2 to 2} minutes, the attention given to the tools varying with 
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their position in the layout. The front turning and facing tools 
are ground once a day to keep them dead keen. On the other hand 
the rough grooving tools are only touched once a week and the 
finishing tocls once every three to four weeks. 


Cylinder Boring. 

One feature of cemented carbide is that owing to the high cutting 
speed and fine feed at which it is generally used a degree of finish 
is obtained which has hitherto only been equalled by grinding. This 
is illustrated by Fig. 12 which shows a Krause fine borer finishing 





Fig. 12 


the bores in an Austin 12/4 cylinder block casting. The practice 
is being standardised and whilst no actual saving in time is accom- 
plished, certain processes are eliminated and an extremely fine bore 
is obtained without the use of abrasives. The bores are really 
machined to within a limit of 0.0002-inch and show no variation in 
size either as regards cylindricity or parallelism. In practice the 
cylinders are rough and then finish bored, leaving approximately 
0.016 to 0.018-inch for the sizing operation illustrated. The machine 
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has a hydraulically fed water cooled spindle which is piloted directly 
over the work and mounts a head fitted with a single broad faced 
Wimet cutting tool. This operates at a cutting speed of 318 feet 
per minute, on a feed of 0.0015-inch per revolution, the bores being 
dealt with separately and finished at the rate of thirty-two minutes 
per block. The cutting tool is finished by diamond lapping and 
machines from 25 to 40 bores without re-grinding, the effect of the 
development having been to eliminate a reaming and honing process. 
It may be noted that to position the respective bores beneath the 
boring tool the work table carries a special fixture, which locates 
the block from its sump face, the table being traversed along by 
hand and located by a plunger in the respective bore positions. 
Whilst on the subject of fine boring an example of the possibilities 
of the standard turret lathe employed in such a capacity may be of 
interest. Figure 13 shows a cast-iron cylinder for a small stationary 
petrol or paraffin engine which is finish bored to the dimen- 
sions stated in the turret lathe. By previous methods the cylinders 
were bored and faced on the turret lathe, the bore then being 
finished by grinding and honing. As now arranged the cylinders 





Fig. 13 


are bored and faced as hitherto, the bore being left 0.008-inch small. 
The cylinders are then left to settle. Following this, they are 
chucked from the machined flange. the bore then being sized in one 
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cut using a 0.002-inch per revolution feed at a cutting speed of 
approximately 500 feet per minute. 

The actual tooling arrangements are notably simple. The com- 
ponent is held in an air chuck with about 30 lbs. pressure, the cut 
being effected by a tungsten carbide cutter carried in a centre line 
pilot bar with additional support from the overhead pilot bar. The 
resultant finish is excellent and in use the cylinders show distinct 
advantages over similar cylinders the bores of which have been 
finished by honing. As an indication of the accuracy of the fine 
bored cylinder a certificate was issued by the National Physical 
Laboratory after examination of a cylinder selected at random 
from a batch of over 200 machined castings. This certificate states 
that the bore is accurate to within 0.0003-inch, and square with the 
five-inch diameter flange to within 0.0007-inch. Apart from this as 





Fig. 14 
a result of adopting the fine boring process in place of grinding and 
honing a saving of approximately eight minutes per cylinder is 
obtained. 


Milling Operations. 

On non-ferrous metals tungsten carbide is invincible and some 
truly remarkable cutting performances are being obtained. As an 
instance of this Fig. 14 is used and shows a large face grinding 
machine on which the abrasive segments have been replaced by 
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tungsten carbide tipped cutters, the machine otherwise being used 
in the same manner as a face grinder. The work consists of alu- 
minium switch boxes which are machined on the cover face at a 
cutting speed of 6,200 feet per minute with a table feed of seven feet 
per minute, the speed and feed being the maximum available. 
The floor to floor machining time is about one-sixth of the previous 
grinding time, and whereas the tool bits showed no signs of wear after 
machining the initial batch of castings, on a similar quantity one 
set of grinding segments were completely worn out. The cost of 
the 18 tungsten carbide tipped tools was £22 10s. Od., against 
£6 17s. 6d. for a set of grinding segments, but the latter serve for 
one batch of work, lasting about one week, whereas the tungsten 
carbide tools have been in use for six months without regrinding. 

In conjunction with a finer feed the effect of machining at these 
high speeds is to give a remarkably good finish. This is indicated 
by Fig. 15, which shows a combined vertical and horizontal] milling 





Fig. 15 


machine arranged for simultaneously machining the top and end 
faces of an aluminium gear-box casting for the 10 h.p. Austin car. 
The two tungsten carbide tipped inserted blade milling cutters 
operate at approximately 1,000 feet per minute on a feed of 143 
inches per minute and regularly produce 1,000-pieces without 
regrinding, the latter representing twice the life of high-speed steel 
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between grinds. The floor to floor production time for the operation 
is four minutes and during this time the operator takes roughing and 
finishing cuts by traversing the work in both directions. 

For general face milling operations on cast-iron a well-known 
milling machine specialist recommends a cutting speed of 380 feet 
per minute with tungsten carbide tipped cutters. On these the 
teeth should be spaced at 1} inches and the feed should be not 
more than 0.0l-inch per tooth. Operating on these lines the 
cutters should be capable of increasing the performance of high- 
speed steel cutters by approximately 100 per cent. 


Planing Machine Practice. 


A suitable class of work for tungsten carbide and other high duty 
alloy tools is planing on the top face of lathe beds and similar 
castings having flat surfaces that can be machined without having 
to set the tool much below the tool box. On work of this description 
cutting speeds of 140 feet per minute can be used on cast-iron and 
cuts 3-inch deep taken at a feed of 0.05-inch without punishing the 
tools. Operating under these conditions a suitable cutting speed 
for high-speed steel would be about 55 feet per minute. 

Machines using the tools should embody certain features, such as 
ample power, forced bed lubrication, and spiral gear or some other 
form of smooth table drive. An electric form of feed also is desirable, 
owing to the shock of high-speed reversal, and the tool boxes must 
have a reliable form of relieving device so that the tool is definitely 
lifted clear of the work during the return stroke. 

In one case stellite tips mounted on 1} by 2-inch section steel 
shanks are used and with these a lathe bed was machined in eight 
hours forty-five minutes, as against fifteen hours fifty minutes with 
high-speed steel. The bed material was chilled cast-iron and at 
cutting speeds varying from 45 to 55 feet per minute }3-inch deep 
cuts were taken on a feed of }-inch per stoke. For the complete 
operation the tools were only ground six times, as compared with 
20 to 25 times and sometimes more when using high-speed steel or 
similar material. 


Machining Non-Metallic Substances. 

Although it was originally intended to consider the machining 
of non-metallic substances space does not permit of more than passing 
reference to these materials. In timber there are certain very hard 
qualities and also types that have been grown in sandy soils and in 
consequence are very gritty. With tungsten carbide tipped circular 
saws, which are now in regular production, such timbers are readily 
cut and machined. For turning such woods a case is recorded where 
a single Wimet tipped tool machined 450 rods, one inch in diameter 
by six feet in length without attention, as against a maximum output 
of 35 to 40 rods per grind with high-speed steel tools. 
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On bakelite and similar synthetic materials cemented carbide 
tools will cut for days with an occasional stoning, as against fifteen 
minutes per grind with high-speed steel tools, giving very satis- 
factory results at cutting speeds up to 660 feet per minute on feeds 
varying from 0.0078-inch to 0.0158-inch per revolution. 

Glass, porcelain, marble, granite, cement, portland stone, sand- 
stone, brick, and coal, represent other materials on which tungsten 
varbide tools are operating successfully. For glass, porcelain, and 
marble a cutting speed of from 50 to 66 feet per minute is reeommend- 
ed, and on the latter material a power feed of 0.0039 to 0.0118-inch 
per revolution is permissible. On glass and porcelain a hand feed 
should. be used, with water or turpentine as a coolant. Applied to 
the tips of drills used for drilling the shot holes in the coal face 
tungsten carbide is recorded as machining as many holes in less 
than one shift of five men, as were previously drilled in 1} shifts 
by ten men using high-speed steel drills. The drills are used at 
600 r.p.m., and besides giving a higher production they eliminate 
the dust coincident on the use of the old type percussion drill. 

On brick tungsten carbide tipped drills can be used at a cutting 
speed of 160 feet per minute on a feed of one inch per minute and 
will drill from 30 to 40 holes per grind. For granite and cement a 
cutting speed of 20 to 27 feet per minute should be used along with 
a hand feed. Portland stone is machined at a cutting speed of 40 
feet per minute with tungsten carbide tools, a case being recorded 
where a single Wimet tipped tool has been in use on a planing 
machine for over nine months without grinding. Similar tools are 
also being used for turning portland stone using the same cutting 
speed and a feed of one inch per minute. On this operation the 
tool receives four blows per revolution due to the shape of the rough 
material, the stone coming away in large four inches square chips. 
Applied to the tip of a percussion drill tungsten carbide has machined 
in portland stone 1,800 holes five inches deep before needing 
grinding. 


Conclusions. 

To conclude the consideration there are several points upon which 
one may comment. From the metal cutting figures that have been 
put forward it is clear that cemented carbide occupies an important 
place in modern industry. Not only has it resulted in accelerating 
production but has led to improvement in manufactured articles. 
For instance it enables very high grade timbers to be used, minerals 
to be machined and applied to useful commodities. It also permits 
the machining of very hard materials like manganese steel, extremely 
hard chilled cast-iron and abrasive materials like the Lo-Ex alumin- 
ium alloy. From another angle tungsten carbide has proved to 
be very valuable in that it enables a remarkably fine accurate 
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finish to be obtained without grinding or honing, thereby eliminating 
a process and the use of abrasives. 

But notwithstanding the advantages to be derived from the use 
of cemented carbide one must not lose sight of the fact that to 
obtain maximum results one must look for improvement in the 
machines in which such tools are to be used. Not only is greatly 
increased power required but the machines must be so designed as 
to offset the limitations of the cemented carbide cutting metals. 
For instance the machines must support the tools with the requisite 
degree of rigidity, and at the same time be capable of operating 
at much higher speeds. In this connection it is interesting to ob- 
serve the extent to which machine tool-makers now apply such 
features as ball and roller bearings on spindles ; covered slideways 
on bed castings, forced and automatic lubrication, together with 
altogether heavier and more powerful units. So much so, that even 
despite the cutting capabilities of modern cutting metals, the 
present-day machine tool can safely be said to be ahead of the 
media. 

Another point in machine too! design which must be watched is the 
need for increased swarf clearance. Quite a number of newly 
designed machines, although capable of much greater metal removal 
than the older types which they replace have considerably smaller 
swarf clearance gaps which is entirely wrong and should be remedied. 
Whilst on the subject of machine tools as affected by these new 
cutting alloys the necessity for individual motor drive must be 
stressed. Also the need for an ammeter in circuit and situated in 
such a position that the operator can easily read its figures from the 
working position. On machines working at very high speeds the 
condition of the cutting edge of the tools is accurately reflected by 
the ammeter, as even a slight dulling of the tool results in the 
absorption of a perceptible amount of power, and after a certain 
length of time or when the ammeter has risen to a pre-determined 
figure over that shewn when all tools are new a regrinding of the 
tools is an economic necessity. 


Chip Control. 

Kindred subjects to the art of metal removal at high speeds are 
those of safety to the operator and swarf disposal. Both are closely 
allied and up to the present the most successful means are those by: 
which the formation of the cutting tool to some extent controls the 
type of chip. When cutting non-ferrous metals the chips are usually 
of small section and the operator can be protected by the usual 
pattern of guard. On the other hand if steel is being handled at 
high speeds quite a different set of conditions is apparent. 

The most dangerous type of chip is the long ribbon which may be 
leaving the stock at quite high speed, i.e. at a peripheral cutting 
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speed of 400 feet per minute swarf is leaving the stock at surface 
speed of 400 feet per minute which is sufficient to prove dangerous. 
Lengths of steel swarf produced at this rate besides being dangerous 
to the operator are difficult to handle by any known type of conveyor 
and it is towards the breaking of these long lengths that lathe 
makers in particular are directing attention. 

Quite a successful method is that of grinding what may be 
termed a “ roll producing groove ”’ in the top face of the tool. The 
only criticism of this scheme is that the life of the tool tip is short- 
ened, inasmuch as should the tip snip, a considerable amount of 
cemented carbide would be wasted in re-conditioning. On the 
other hand the resultant swarf is certainly controlled, consisting of 
short tight rolls which drop away from the tool into the pan of the 
machine without trouble. 

An alternative method is to place a piece of hardened steel on 
top of the cutting tool. This hardened strip projects to a position 
near the cutting edge and in such a position that the streaming 
swarf hits the strip and breaks into short pieces. This method, 
however, absorbs so much extra horse power that it is a questionable 
specific. Many other swarf deflectors, such as rollers or chutes have 
been tried, but unfortunately owing to variations in the quality of 
different portions of a bar of steel it is impossible to even guess 
which way the swarf will travel after leaving the top of the tool. 

One other conclusion is the class of labour best suited to use 
tungsten carbide tools. This should be studied from several view- 
points. Whilst it would be simple to say skilled labour would 
show to advantage, it is as well to consider a little psychology. 
Experience has proved that when a skilled man gets his first tungsten 
carbide tool he usually becomes exceedingly enthusiastic and after 
a little time will become more and more daring with regard to speed 
increases. After a certain length of time he will suffer the penalty 
and some expensive tool breakages are likely to occur. Immediately 
this happens reaction takes place and the operator goes to the other 
extreme and in playing safe fails to secure the advantage the 
material will give if used with reason. 

Regarded from this standpoint one must realise that the average 
skilled man is averse to taking risks, as his livelihood definitely 
depends upon his skill, or, in other words, on his cautiousness and 
ability to produce work with a minimum of scrap. Under these 
circumstances the skilled man should temporarily be regarded as a 
novice at his job and some responsible person should set definite 
speeds—somewhere between the operator’s enthusiastic best and his 
cautious worst—and so relieve the man of the responsibility of tool 
breakage through misuse. Alternatively the latter course must 
be taken immediately the tool or tools are put into the hands of an 
unskilled operator, as the latter is unlikely to experiment with 
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speed changes. From this point of view the situation would seem 
to resolve itself into one of skilled as against unskilled workmanship. 
Given quantity production of identical articles at set feeds and 
speeds the unskilled operative is quite capable of using tungsten 
carbide. But if the quantities are smaller and the operator is 
called upon to set his own speeds and feeds, he should be taught the 
capabilities of the material without being unduly blamed for a few 
scrapped tools in his early efforts. 

As a final word our thanks are due to the following firms for their 
generous assistance in compiling this paper. The response to 
requests for data on the subject exceeded all expectations, so much 
so, that quite a substantial amount had to be omitted. Still, our 
object has been to present a case for or against these new cutting 
metals, and now throw the subject open to your criticism. The 
firms in question are : A. C. Wickman Ltd. (Coventry), H. W. Ward 
& Co. Ltd. (Birmingham), Alfred Herbert Ltd (Coventry), George 
Richards & Co. Ltd. (Broadheath), Wm. Asquith (1920) Ltd. 
(Halifax), Austin Motor Co. Ltd. (Birmingham), John Lang & Sons 
Ltd. (Johnstone), Kendall & Gent (1929) Ltd. (Manchester), 
Deloro Smelting & Refining Co. Ltd. (of Canada) (Birmingham), 
Craven Brothers (Manchester) Ltd. (Reddish), Vickers Armstrong 
Ltd. (Barrow), Butler Machine Tool Co. Ltd. (Halifax), and Metro- 
politan Vickers Electrical Co. Ltd. (Manchester). 
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Discussion, Birmingham Section. 


R. GROOCOCK said that the Chairman, in his opening 
[Af remanis, had prophesied that they were to listen to a very 

fine example of two men working together for the common 
good. He (Mr. Groocock) certainly thought that they had been 
listening to the results of some ideal team work, and that all present 
should undoubtedly receive some good information from the lecture 
they had heard. It was one of those lectures that one would have 
liked to have had an advance copy of about a week before, in order 
first of all to have known the line that would be taken, and secondly, 
to have been in a position to have put forward some constructive 
criticisms. So far as he was concerned, nothing that he could say 
about the paper would be too good, either on the question of the 
compilation of the paper or its delivery. Both were excellent. 

One thing that had impressed him was the fact mentioned by 
Mr. Field towards the end of his lecture. That was the need for 
very close study on the part of the machine tool builders of the 
conditions that arise in the use of these new materials. Whilst 
these conditions have been present in the past, they have never 
been so apparent as they are at the present time ; he was referring, 
of course, to the need for stiffness in the machine tools and for an 
ability to run at high speeds under heavy loads. This latter is, 
of course, being catered for by ball and roller bearings. 

The other question which the use of this high duty cutting tool 
brings strongly to the fore is that of dealing with the chips thrown 
off from the work. Dealing with chips which are thrown off the 
work at the rate of 1,000 feet per minute was like dealing with a 
** 303” bullet in flight, and he felt that the future of the machine 
tool business when using this cutting material would be to turn the 
tool upside down so that the chips would be definitely thrown down- 
wards, and not upwards and outwards. Unles8 this was done it 
was not only bad for the individual standing by the machine, but 
also for other operators near by. This fact of the danger of flying 
chips and getting away the swarf was one that must have the very 
best attention of the machine tool builders. Most of the members 
present had in their shops about one per cent. machine tools that 
would take a decent cut, and 99 per cent. that would only take what 
he would suggest was a very “ indecent ” cut, and so long as they 
had these “ indecent ” machine tools to deal with they would be 
dealing with cutting speeds in what might’ be termed an “indecent” 
manner. Whilst it was very nice to consider cutting speeds of from 
250 to 1,250 feet per minute, many of them still had to wriggle 
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around at something like from 60 feet to 120 feet per minute even 
when using the best material. Even so, however, the new cutting 
materials were very valuable from the point of view of the length of 
time that they would stand up to the work and thus save time in 
changing tools. As Mr. Field had pointed out, a terrific amount of 
waste time can bg saved in critical tooling set-ups by the use of these 
newer cutting alloys. 


Mr. J. H. FLETCHER said he had listened with great interest to 
Mr. Field’s comments on molybdenum, particularly in regard to the 
time between re-grinds, and he was wondering, being engaged in the 
abrasive industry, how long it would be before he got discharged, 
due to the saving in grinding wheels and the reduced consumption 
of these. He would like to ask if Mr. Field had any comparison 
between the lapping of tungsten carbide with diamond dust, which 
was a very expensive material, and lapping with ordinary silicon 
carbide powder? The diamond dust produced a glass-like finish on 
tungsten carbide tools ; the silicon carbide powder produced a dull 
matt appearance. On the other hand, diamond dust, if the tool 
were not lapped with great care, tended to produce a rounded effect 
on the cutting edge, but silicon carbide, although producing a matt 
appearance, also produced a very fine cutting edge. Another point 
was, could Mr. Field give any comparison of costs between grinding 
on ordinary high speed steels and grinding of tungsten carbide ? 

Mr. H. Spinks asked if he had understood Mr. Field rightly when 
he said that tungsten carbide was made in the form of bars to start 
with and then cut up into shapes? Did Mr. Field think that it 
could be moulded into correct shapes to start with? Regarding the 
turning of axle shafts, Mr. Spinks said he had been trying for about 
six months to get a really good tool to turn approximately 60-ton 
tensile Vibrac axle shafts, and in the end had come down to double 
super-hydra high-speed steel. The output had been increased 
from approximately 30 shafts per grind to 103. He had 
not struck any tungsten carbide tool which would do the 
job. . Could Mr. Field help him on that proposition? In regard to 
tipping milling cutters, a certain firm had asked to give a trial of 
tungsten carbide tipped milling cutters, which were put on a 24-inch 
Cincinnati Duplex. At aspeed of approximately 250 feet per minute, 
and. a feed of 20 feet per minute, it would not do the job at all, and 
they had to drop it to 13 feet per minute feed. After machining 
15 pieces, the cutters entirely failed. Normally they had used 
stellite, and always in the past had been able to cut three days 
without re-grinding. He would like to ask Mr. Field why this was ? 


Mr. RENNIE asked Mr. Field if there was a possibility of the new 
chromium tungsten cutting tools producing work equal to that of 
turigsten carbide if the speed of the newer cobalt chromium tungsten 
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material were reduced to half, and the feed increased by a half ? 
Having a higher physical strength, would it stand it ? 

Mr. WorMaLD said he feared that, judging from the figures Mr. 
Field had shown, makers of high-speed steels would have to take a 
back seat, but, as had been pointed out, while machines were 
what they were, there would still be high-speed steel. At the same 
time, he had been told during the last few days, of work done by 
8.0.B.V. when everything else had failed, with spun aluminium. 
On the new electric cooking utensils the surface had to be extremely 
smooth, and a planing effect was obtained from pushing the spun 
articles over the surface of the machine and taking a fine cutting off. 
There was no doubt that such materials as manganese steel, men- 
tioned by Mr. Field, could prove the effectiveness of 8.0.B.V. over 
everything else ; for cutting manganese steel both forged and cast, 
and with the up-to-date machines Mr. Field had illustrated, they 
could effectively prove that 8.0.B.V. could do things that tungsten 
carbide was incapable of doing. In the future, high-speed steel 
was not going to occupy the place it had done in the past, and that 
tungsten carbide and kindred varieties had come to stay. Mr. 
Field had mentioned the psychological effect of these things, and 
they, as production engineers, were up against that factor, that of 
the human element. One wondered sometimes where all these 
improvements were going to lead us. 

Mr. JACKSON made a query regarding the slide showing the con- 
verted grinding machine, in which cutters were substituted for the 
segments. If normally the speed was 6,200 feet per minute, what 
could be obtained if such a material as S.0.B.V. upon aluminium in 
die-cast form that is without sand, were used ? 

Mr. PENN asked if Mr. Field had any experience of molybdenum- 
titanium tipped tools, and thought that others present would be 
interested in the vibration question. 

Mr. WALKER asked if Mr. Field had any record of the Widia tool 
chipping due to the high tortional frequency of the light shell which 
was being turned ? 

Mr. I. H. Wricurt asked if any tests had been made measuring the 
radial pressure on the tool? It seemed to him that the point might 
be brought out a little more strongly than it was of new cutting 
materials, which kept sharp edges, having the very great advantage 
over high-speed steels, and that the possibilities were that on account 
of keeping a sharp edge, the radial force to which Mr. Field had 
referred was probably much less throughout the life of the tool than 
it was with the high-speed steel tool. On that account, disturbances 
of work and irregularities of shape would probably be much less so 
that the work would not only be done more quickly, but it would 
be more accurate in the section and general dimensions. It seemed 
to him also that with these high-speed materials, cuts generally 
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were less in section than one would apply with high-speed steel, 
which meant that the pressure of the tool was less on account of less 
section, and that again led towards less distortion of the work during 
cutting and possibly greater accuracy. He would like to see pub- 
lished in connection with the present paper some comparisons of 
radial pressure of various alloys as compared with ordinary high- 
speed steel. He also congratulated the authors in having prepared 
a paper which was again going to distinguish the Birmingham branch 
of the Institution. 

Mr. TrppLe added the remark to those of Mr. Wright that less 
heat on the tool undoubtedly produced less disturbance and fewer 
deformities in the work. He had been struck by Mr. Field’s state- 
ment that with titanium carbide, 15 per cent. less power was needed 
than with tungsten carbide, and was led to ask if there was any less 
power consumed per cubic inch of metal removed per minute in the 
case of tungsten carbide, as compared with high-speed steel? It 
seemed to boil down to whether the metal was going to be broken 
into chips, and if a chip breaker of the form illustrated on the slides 
were used, would it immediately put up power consumption? He 
gave an instance of planing Armco sheets where the chips would 
not break up, and formed a spring three inches in diameter, absolutely 
close-wound, which finally put the machine out of order. If he 
could have any data concerning the power required to break up 
chips, he would be grateful. 

Mr. Mann asked for Mr. Field’s opinion on the possibility of being 
equipped to lap a Widia tool with diamond dust in the workshop. 

Mr. Brown pointed out the importance of setting the tool relative 
to the centre of the work, and said that in making tests of tool- 
setting he had found that many failures and successes had evolved 
round that one factor. He would like to ask Mr. Field if he had any 
data bearing out that theory? Tool makers seemed definitely to 
have set themselves out to accomplish something in taking up the 
question of cutting steels, and as was illustrated by the paper, they 
had reached their goal. 

Mr. RENNIE referred to the previous speaker’s comments on the 
height of the point of the tool to the lathe centre, and asked if there 
was any data on planing with a negative front top rake as compared 
with planing with the point of the tool high or somewhere forward. 
He had found that, in planing hard cast-iron, 240 Brinnell, with a per- 
centage of nickel, with a negative front top rake of say 7° and about 
10° side top rake, some 15 per cent. improved results could be ob- 
tained over ordinary practice. 

Mr. J. A. HANNAY, in rising to propose a vote of thanks to the 
authors, said that, in his opinion, the Council ought to pursue this 
matter and see that this data and also, with the assistance of Mr. 
Garnett, a number of the charts, should be included in the Proceed- 
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ings, and he would do all in his power to persuade the Council to do 
so. He suggested that they should go further, and publish a 
pamphlet, including in it information on the various materials, 
cutting angles, etc. It would be a most valuable work of reference 
for engineers, and especially to young men wanting information in 
the development of their jobs. It had been an ideal subject for a 
meeting of production engineers. No mention had been made of 
temperatures, and he asked for further information about the 3-inch 
depth of cut and “ mirror-like ’’ finish. The machining and making 
of pistons was a most wonderful performance, and if it had not been 
for these tools, it would not have been the manufacturing job it was 
to-day. 

Some of the machines illustrated in the slides had been very 
attractive and would make many of them wish, when they got back 
to business, that they could have new machine tools. Mr. Field 
had even tried to persuade them to scrap machines that were written 
off as no good! If a manufacturer had got sufficient work to set a 
machine on and keep it going for three years, he should place an 
order for a new machine as quickly as he could. 

Removal of cuttings was a question to which machine tool makers 
would have to give more attention. There would have to be some 
means of catching these cuttings and carrying them away. Where 
it was fairly soft material, there could be some sort of roller close to 
the tool to direct it off straight away. 

What was meant by “ chilled cast-iron” in such huge castings ? 
Referring to the list of firms, there were fewer manufacturers than 
machine tool makers, and inquired whether the cause was that the 
manufacturers were loath to give information ? In closing he would 
refer to the parallel position twenty-five years ago, when high-speed 
steel came in, and they wondered what was going to happen. It 
had seemed that really there could not be any advance on what 
happened in 1905-6-7._ Then came super high-speed steel, and they 
had some really wonderful performances which, in turn, settled 
down to ordinary routine work. When we realised what had been 
done in twenty-five years, some of those who could look forward 
another twenty-five years in production engineering would probably 
see some enormous improvements, and, as production engineers, 
they ought to do all they possibly could in developing some of the 
alloys. Those who had developed the various tungsten alloys under 
discussion were to be congratulated. He proposed a vote of thanks 
to the lecturers. 

Mr. J. H. Garnett, acknowledging the vote of thanks, remarked 
that he had started to prepare the paper rather dubious as to whether 
he should find sufficient of interest to provide a consideration 
extending over a period of about 1} hours, and had finished up 
thinking how little we really know about cemented carbide. In 
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fact difficulty was experienced in dressing the subject so that all that 
should be said was said during the period of time available. 

Mr. Hannay had mentioned what had happened twenty-five years 
ago when high-speed steel came in, and Mr. Garnett said the present 
position was simply a repetition of what occurred at that time. 
High-speed steel came to stay and cemented carbide is doing the 
same. Both cutting materials create a revolution in workshop 
practice, and so far as the machine tool maker is concerned, he 
thought the problem was being correctly approached. It struck 
him that one of the greatest difficulties they had to face in connec- 
tion with cemented carbide was to control the cuttings. At the high 
speeds at which these are produced they definitely become dangerous, 
and he knew of cases where the operator had been badly hurt by 
snaking and flying chips. By cutting with a lathe spindle revolving 
in the reverse direction the trouble was largely obviated, and the 
roll turning lathe referred to in the paper was designed to operate on 
this principle. He ventured the opinion that there were other ways 
in which the cutting problem might well be approached ; for 
example, why should we have to remove an excessive amount of 
metal? Why not closer castings and drop forgings? Another 
thing—here is a metal which will cut steel at a fabulous speed 
produced by taking a metallic flour which is pressed into a cake and 
then baked, the resultant metal being so hard that it will scratch a 
sapphire. At the other end of the scale we have a material called 
bakelite. This is produced in a somewhat similar manner, and one 
might well ask why not other materials between these two extremes ? 
As an instance, synthetic mild steel, cast-iron and non-ferrous metals. 
According to the practice with cemented carbide and bakelite, these 
could be produced to close limits and thus dispense with the cutting 
problem. Such parts would be received from the mould finished 
except for perhaps a light grinding or polishing operation. 

Mr. FIELD, replying to questions raised, said Mr. Garnett had been 
mainly responsible for the preparation of the paper, for which he had 
put in some intensive study of the subject, and that his own part 
was largely that of spokesman. A gentleman, during the early part 
of the discussion, had remarked that he did not know where the 
development of these particular materials was going to lead them, 
and neither did he! They were facing not only a similar, but much 
more intensive period than they faced twenty-five years ago. We 
were on the verge of a revolution in the way of metal removal. He 
did not know much about it; the manufacturers did not know 
much about it, and the only way to learn was by constant experi- 
ments. A parallel case was when high-speed steel was introduced, 
and Mr. Hannay had mentioned that practically the whole of their 
progress had evolved from machine tool practice and experience. 
Generally speaking, machine tool makers were more progressive 
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than actual manufacturers. They had to make machines that would 
use any cutting medium that came along, and the manufacturer got 
the benefit (or otherwise) of what they produced. 

Mr. Groocock had said that standing in front of a machine running 
at a very high speed was like standing in front of a “303” bullet, 
and put forward a sound argument for machines running in a clock- 
wise direction, and not anti-clockwise as was now common. The 
Holroyd lathe shown was designed on this principle, and Mr. Field 
was of the opinion that in future heavy duty machines of that type 
would have to be arranged to run in either direction. 

The question of swarf removal had been touched on by Mr. 
Groocock and Mr. Hannay. Mr. Groocock had also mentioned 
another important point when he said only one per cent. of the 
machines in the average shop were capable of using the new materials. 
If members would accept the figures put forward, the carbide group 
of materials definitely had an edge-holding capacity which would 
save grinding time ; even if they only used them at the same speed 
as now, they would get economic running because of the length of 
life between grinds. 

He had been taken up on the “ mirror-like ” finish. This did exist, 
and he believed that this material in a very short time would 
definitely be applied to the finishing of such parts as shafts and other 
external operations, to the detriment of the abrasive wheel. He 
had seen some results and from a practical point of view they were 
equivalent to grinding. Grinding, looked at through a strong glass, 
had very little to recommend it, and required lapping to get a good 
finish. 

That was leading away from the point Mr. Fletcher had raised 
with regard to cost of grinding. It was undoubtedly heavier than 
the cost of grinding an equivalent section of high-speed steel, but 
the point was, the life between “ grinds,” was anything up to 
10 to 1 in favour of tungsten carbide. and the ultimate costs were 
comparable unless the tungsten carbide should chip, when an 
enormous amount would have to be ground away. 

In reply to Mr. Spinks, he had not said that tungsten carbide was 
cast in bars, but was cintered in moulds, with 25 per cent. shrinkage 
allowance on the ultimate job. Mr. Spinks had also raised the 
interesting point of machining steels such as Vibrac. He had made 
some tests of the new Cutanit material. The part of which they 
were operating was a Vibrac bar four inches in diameter, running at 
400 periphery feet per minute, taking a }-inch depth cut, the test ex- 
tending over forty minutes. The feed was raised from .005 to .015 in 
several steps. At the end of forty minutes cutting the Cutanit tool 
was not touched. The tool had been used with a dead sharp corners 
and if the tool had been ground with a small radius, it would have 
been much better. This instance had not been put into the lecture 
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because it really had no bearing on the economics with which the 
lecture had tried to deal. 

Mr. Rennie had asked for information on the new chromium 
cobalt cutting alloys, in reply to which he would say that insufficient 
information had reached the authors to be put in a paper of that 
description, which they wished to be authoritative. He asked if it 
would be an advantage if the cutting speed were halved and the 
feed doubled? That would resolve itself into the life between 
grinds, as the metal removed would be the same in each case. 

Mr. Jackson had raised the question of the converted grinding 
machine, and asked what was the relative grinding speed compared 
with 6,200 feet using tungsten carbide. The speeds were identical. 

The question of high-speed steels such as 8.0.B.V. had been 
touched on by Mr. Wormald. Nowhere had the authors stated that 
tungsten carbide was a cure for every ill. There was a place for 
high-speed steels, but how long it would last, he did not know. He 
did not think it would be long. The high-speed steel manufacturers 
had been somewhat lax in not providing people with real information 
about their product. They came along and said “It is so much 
cheaper than the other ’’ and expected an order on those conditions, 
whereas they should have said “ It will do this, and we are prepared 
to prove it!’ Unless the high-speed steel manufacturers did some- 
thing of that sort, he was afraid it would never be used as it might be. 
One could go round any shop in this country and would rarely see 
a high-speed steel being punished. It was always run well within 
its capacity. 

With regard to spun aluminium and jobs of that kind, he was 
inclined to think that the tougher materials like 8.0.B.V. or stellite, 
decently lapped, would give a better surface than tungsten carbide. 
Tungsten carbide was “ harsh” in its construction and would tend 
to tear the material. 

Mr. Walker had asked if the authors had any experience of the 
Widia tool chipping due to high tortional vibration when light shells 
were turned? He had recently been up against a similar proposition 
where the cast-iron shell was insufficiently strong to stand increasing 
speed when compared with what high-speed steel would give, but by 
maintaining the same speed it was found that whereas they used to 
grind the high-speed steel tools three times every day, they now 
only reconditioned the tungsten carbide tools every month. 

The queries raised by Mr. Wright were rather too deep to admit of 
answering without due thought. The question of feed pressure was 
one which could only be determined by the use of particularly 
intricate and accurate instruments, and the speaker had not seen 
any figures produced in this country other than those produced by 
Professor Dempster Smith. There were none on the new materials 
to his knowledge. It was interesting to note what happened when 
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an ampmeter was coupled to the drive. The tool, to the naked eye, 
would be perfectly good, but the fact remained that the ampmeter 
would rise, indicating that something had happened to the cutting 
edge, as it would take more power to drive the same cutter. 

He had seen some very interesting power curves in connection 
with this, which showed that titanium carbide took 15 per cent. less 
power than tungsten carbide to do the same work. The theory Mr. 
Garnett and he had developed might be wrong. It was simply put 
up as a reason for the comparative roughness of the surface of 
tungsten carbide, irrespective of grinding and lapping. 

Mr. Tipple had raised the question of tool pressures, and also the 
point that less heat means less distortion. Ten years ago, if a 
machine tool was capable of removing one cubic inch of metal per 
h.p. it was rated a high class machine. The figures shown on the 
charts gave 4.6 as compared with 1. In that particular instance, 
tungsten carbide was not a greater power absorber. He was inter- 
ested in Mr. Tipple’s chip breaker, and suggested he should consider 
patenting that planing machine as a spring manufacturing machine ! 
Any attempt at chip breaking, definitely raised the power factor. 
It was one of the reasons why it was not incorporated in machines 
to-day. When electric power was cheaper, it might be done. 

Mr. Mann had asked if diamond dust lapping was practicable in 
the workshop. He would say No! It was a specialist’s job. 
There should be no question of a man taking his tool out to go and 
lap it, but there ought to be spare tools ready to put into the machine. 

It was playing with an expensive material which, used intelligently, 
would save money all round. Take the tool back to a central place 
for re-conditioning ! 

Mr. Brown had raised the point of the relative position of the 
cutting tool to the work. That was a most important point, but 
how often did one see an operator bother about it? He would like 
to see every machine for cutting metals equipped with a definite 
centre height pointer to try on each tool, so that the operator could 
get the relative position. Further, it would be no use giving him 
that unless he were told the relative heights, above or below centre, 
which different materials demand. 

Operators would have to be educated to a far greater stage than 
had been dreamed of. Unless we educated our men to use expensive 
materials we should not get the returns we might have. We must 
put on all our machines definite instruments and dials setting out 
power consumption, periphery speed, and any other gadget which 
would help the operator on his job. He had often to handle a £5,000 
installation. It was a serious matter, and we must educate the 
actual users of the machine or tool. 

The question of height of tool to centre was raised by Mr. Rennie. 
He said he had no relative figures of the experiments referred to. 
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The question of disposal of chips was by no means easy. If it could 
be always guaranteed that they would come off at the same angle, 
something might be done, but the material being cut, might take 
two, three or four shapes leaving the same bar. One might call 
that lack of homogeneity in the material. The question of chip 
breaking was a rather serious consideration. One point had 
occurred to him during his short consideration of that proposition. 
The time might be not far distant when cutting tools would never 
have to be re-ground. They would probably be plated with a 
resistant metal, and when worn would be replated instead of ground, 
or else scrapped. 
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Discussion, Sheffield Section. 
Mi:: JAMES G. YOUNG: I appreciated the paper as I 


listened to it, and hope high-speed steel manufacturers, and 

salesmen present, will not get too downhearted. Mr. Field, 
in presenting his paper, has made a very good case out for the high 
speed steel manufacturers. It would appear that half of one per 
cent. of the machines in this country are capable of using the cement 
tools economically, and ninety-nine and a half per cent. can still use 
high-speed steels. In the change over period, let us look to our own 
materials, and improve them, and appreciate that steel manufac- 
turers in this country did not introduce tungsten carbide, it was 
left to the machine tool trade to develop, and they have done an 
exceedingly good job for production. Stellite, which was the first 
material to challenge high-speed steel. I have had considerable 
experience with, and have a great regard for this material. One of 
its greatest uses was not for machine parts at all, it being a very 
good non-corrosive material, and is used in the oil fields very con- 
siderably for valves, and some main sewer valves have stellite liners, 
which gives considerable life over the ordinary valve material. I 
have seen liners of stellite 10 inches in diameter, 55 inches long, the 
thickness of the stellite one inch, being used for the foregoing parts. 
This is very nice business for stellite salesmen, and I am sorry we 
cannot supply high-speed steel for the same purposes. The 
machining of these liners was very difficult, and called for a very 
careful operation of grinding and honing, all other methods proving 
too costly. In so far as high-speed steels are concerned, the manu- 
facturers are improving their products by larger use of cobalt, and 
by constantly refining, and watching the needs of industry should 
recover some of the prestige that has been lost by not warming up 
to the development of cemented carbide tools. 

Mr. F. Witu1amMs: This has been a very interesting paper and 
will hold out some hope for high-speed people. While I find that 
the tungsten carbide tools are very excellent, I also find that their 
use is limited from an economical point of view. I have not found 
them economical in dealing with steel, and consequently confined 
entirely to use on cast-iron and non-ferrous metal. In use, the full 
advantage cannot be taken by using in older machines. They 
certainly rack machines to pieces. The only way to use tungsten 
carbide tools properly is to have appropriate machines, which can 
take full advantage of the unique qualities of this material. One 
point in the charts shown which I think perhaps rather calls for 
comment is the period of depreciation of the machines, three years 
in the use of tungsten carbide tools. That is far too short a period. 
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I have tools built specially for tungsten carbide which have been in 
operation for not less than two years. I have made no replace- 
ments, and maintenance charges are next to nothing. This is rather 
more hopeful than the figures we have seen to-night. Stellite tools 
can be used in many conditions, with very much better results than 
can be obtained with high-speed steels. I have found that particu- 
larly useful in dealing with certain types of bronzes. Stellite can be 
used either as a brazed on tip, or can be deposited on a steel stock by 
oxy-acetylene. Another point I heartily endorse, is the lecturer’s 
remarks in regard to the fitting of ammeters and tachometers to 
machines. These are a very distinct and valuable advantage on 
machines using tungsten carbide, both from a point of supervision, 
and giving the operator confidence and a knowledge of what he is 
doing. In regard to the question of skilled and unskilled labour, 
we can only use skilled men. Each, his job different from the 
preceeding one. 

A Vistror: With regard to the question of finishing cuts being 
taken with tungsten carbide, in my experience this is not an economi- 
cal proposition. There are a number of drawbacks, some in the 
design of the piece actually to be worked upon; it may be too 
slender and may whip at high speeds. Again, if very accurate 
work is called for, the heat generated at high speeds, undoubtedly 
causes distortion, and may result in having to replace expensive 
parts, but this disadvantage in no way detracts from the very 
remarkable performances which can be carried out in roughing 
operations with tungsten carbide tools. 

Mr. ScaireE: First of all I want to say how pleased I am, as a 
member of the council, to see such a very likely lot of people at the 
inaugural meeting, and for one thing look forward to a very nice 
increase in membership of the Institution following this meeting. 
In regard to the paper, I thank Mr. Field and Mr. Garnett for a very 
useful and very intellectual addition to the proceedings of the 
Institution. This paper is a very good indication of a sort of thing 
we do, an exceedingly good omen and we very much appreciate 
Mr. Field’s and Mr. Garnett’s efforts. This is a paper no one can 
find fault with. One might amplify it if one had more time. One 
point, I think in regard to the relative economies of use of carbide 
tools against high-speed steel, the authors have erred rather on the 
modest side. Undoubtedly one should take a good modern lathe 
specially designed with features embodied to suit carbide tools to 
get a time valuation, otherwise in the majority of cases the advantage 
would show to be in favour of good quality high-speed steel. The 
use of carbide tools for machining hard materials which have 
otherwise required grinding or machining in the soft state prior tc 
grinding has been ably pointed out. Sir Herbert mentioned im- 
provements in design. There is one very decided weakness in even 
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good modern lathes and that is the wide gaps in the speed range. 
Lathe makers still stick to ranges of speed going up in fairly big 
jumps whereas the variable speed or multi speed motor might be 
introduced in order to bridge the gaps and permit of a more ideal 
speed being used. Perhaps I misunderstood the authors but I 
gathered that an advantage was obtained from carbide tools even on 
old machines. Personally, I have not known a case where this was 
so except on work which was too hard for high-speed steel. 

Mr. Tomuinson : I have noticed that the discussion has centred 
largely on large work. Contrary to our chairman’s opening remarks, 
there are some people interested in small work even in Sheffield and 
I think that Sheffield is increasingly taking sight of small work and 
mass production. I should be glad if the lecturer could give us 
some figures on the production of small work on automatics, etc., 
by form tools. I appreciate the difficulty of producing the necessary 
tools by grinding the form. Even if such tools can be economically 
produced for forming, say small fancy nuts, can the machine speed 
be increased ? Or should these tools be used at the same speed as 
high-speed steel—and is there sufficient gain in the quantity of 
pieces produced between grinds to constitute an economy ? 

Mr. Fipver : I agree with the last speaker. I think the qualities 
of the better grades of the Sheffield high-speed tool steels are not 
sufficiently advertised. For machining heavy forgings, where it is 
often necessary to machine off from 14-inch to 24-inch from the 
surface we find that cemented carbide tools are not as suitable as a 
good grade of high-speed steel. We are turning heavy forgings at a 
cutting speed of 40 feet a minute with a depth of cut of 14-inch, 
and a feed of .156-inch, using high-speed steel tools. We have not 
yet found any cemented carbide tools to equal this. For drilling 
12/14 per cent. manganese steel we find our high-speed steel drills 
more suitable than cemented carbide tools. There can be no doubt, 
however, that for machining cast-iron or any of the non-ferrous 
metals or for machining steels where comparatively light cuts only 
are necessary, the cemented carbide tools can be used to great 
advantage. A previous speaker has mentioned that he had not 
found it much use for finish turning steels. I have seen propellor 
shafts 50/70 feet long by 12 inches diameter finished turned at a 
cutting speed of 280 feet per minute with a feed of 120 cuts per inch. 

Mr. GARNETT thanked members for their remarks and said since 
the paper was written some three to four months ago it had fallen 
to his lot to investigate cemented carbide cutting materials from three 
different directions, namely its effect on machine tool design, on 
manufacturing practice and the upkeep of such tools. Had the 
paper been written after these additional investigations further 
information might easily have been put forward. 

One very clear thought was that whilst we knew a good deal, 
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we still knew very little about the possibilities of the cemented 
carbides. The material was by no means to be regarded as having 
reached finality, but as only in its infancy. Some very remarkable 
things were going on. Its effect on machine tool design was most 
marked and it was exerting considerable influence on manufacturing 
practice. This was due to the peculiar limitations of cemented 
carbide. For instance it cannot be used with any marked success 
for drilling, due to the fact that the centre of the drill point did not 
cut but forced its way through the metal and whilst this may be 
suitable with high-speed steel, cemented carbide would not stand 
the heavy imposed pressure or load. As a result some alteration 
in the design of drills would be necessary before it can be applied 
to this class of work. 

Another thing about cemented carbide is that as it is a material 
which cannot be worked and must be attached to a backing up 
material by brazing, it cannot be made into spiral tips suitable for 
spiral milling cutters. As a consequence milling practice must be 
revised with greater attention to facing with face type rather than 
with spiral or slot type milling cutters. These represent but a few 
directions in which the influence of cemented carbide is noticeable. 
On lathe work its effect is such that if the centre lathe people only 
appreciate facts they have the greatest come-back for simple type 
lathes for many years. By using high cutting speeds in conjunction 
with fine feeds multi-diameter shafts can be machined with great 
rapidity and certainly in times that make the multi-tool type lathe 
very questionable for small or even medium quantity production. 
For example, Mr. Garnett stated he had seen three per cent. nickel 
steel gear-box shafts fifteen inches long turned from both ends to 
six different diameters in five and three-quarter minutes without any 
time required for setting up such as would be necessary on a multi- 
tool lathe. 

Mr. FIELD, in replying to the discussion, thanked the meeting for 
the way the paper had been received and discussed. Very early in 
the paper, he continued, the authors had pointed out that nothing 
they might say would decry high-speed steel and quite a number of 
the speakers had amplified this viewpoint. Mr. Young in his 
remarks gave some very interesting details of stellite applications 
which shews that such material has a much wider range of utility 
than purely cutting tools. 

Turning to the remarks made by Mr. Williams, Mr. Field said 
that the depreciation period of three years, which the authors had 
taken for machines equipped with tungsten carbide, was a figure 
for comparison only—the point being that machines using such 
material to their economic limit would of necessity need replacing 
much more frequently than similar machines using high-speed steel. 
Mr. Williams also emphasized the utility of fitting tachometers and 
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ammeters to machines and with this the authors were in complete 
accord. 

Mr. Field next said that the President (Sir Herbert Austin), in 
his remarks, had paid a compliment to the machine tool trade and, 
naturally, that trade was anxious and willing to keep their products 
up to, or ahead, of any cutting media which might be developed, 
although, of recent years, cutting tool development had been so 
rapid that any figures which had been given in the paper might be 
rendered obsolete to-morrow. 

In Mr. Scaife’s remarks the need for using really modern machine 
tools was again brought in and, of course, this truism must be 
apparent to all production engineers. Mr. Scaife also pointed out 
some of the deficiencies in lathe headstocks by reason of the gaps 
between speeds, but if variable speed motors are used this difficulty 
can be largely overcome. Finally, Mr. Scaife had said that he had 
no personal knowledge of a case where tungsten carbide tools on old 
machines shewed to advantage, as compared with high-speed steel 
tools. The speaker said that there were many thousands of cases 
where tungsten carbide tools would give greater service than high- 
speed steel even if the machine being used could not use the newer 
material to its maximum. 

The questions asked by Mr. Tomlinson so far as small work was 
concerned raised an interesting point in that, it would be questionable 
whether sufficiently high spindle speeds could be obtained to stress 
tungsten carbide anywhere near its maximum. From experience, 
however, Mr. Field said that in one well-known Manchester works 
the use of tungsten carbide tools on small bar automatic machines 
resulted in the firm getting an average of one hour per day more 
production from each machine owing to the length of tool life between 
reconditioning operations. 

In conclusion, Mr. Field said that Mr. Garnett had pointed out 
very briefly the marked change in machine tool design which could 
be directly attributed to the introduction of tungsten carbide as a 
cutting media and also the need for reviewing methods so as to 
enable tungsten carbide to be used in milling practice. There were 
still boundless possibilities in application of the carbide group of 
materials and only by continued experimenting could progress be 
expected. 

ERRAT A.— The Application of Various Steels,” by L. W. Johnson, 

M.I.P.E. 

In the report of Mr. Johnson’s paper published in the April, 1933, 

issueof THE JOURNAL, thesecond, third and fourth linesof figures in 

Table 3, page 134, should apply to the three per cent. nickel case- 

hardening steel, and only the fifth line of figures to the five per 

cent. nickel case-hardening steel. 
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Papers sei at Graduateship Examination, 1933. 





WORKS ORGANISATION. 


SATURDAY, 22ND APRIL, 1933. (2-30 P.m.—4-0 P.M.) 
Maximum Marks, 150. 


Candidates are required to answer Three questions only. 


1. What are the qualifications of an efficient ratefixer, and, 
after appointment, how should he proceed with his duties ? 


2. Outline the organisation of any one of the following: (a) a 
Drawing Office Staff of a large works ; (b) a Costing Department ; 
or (c) a Works Manager’s Department. State the duties of each 
member of the selected staff, and indicate the size of the works 
concerned. 


3. Enumerate the sub-divisions of the stores department of 
a large works. Explain the routine for acceptance, classification, 
and control, of material. 


4. With reference to a particular works, explain what is meant 
by planning, routing, and progressing, of production. 


5. Discuss the influence of transport services upon the choice 
of factory sites. 


6. Describe and comment on the provisions made for complying 
with the Factory Regulations relating to the safeguarding against 
accidents in a works. State the kind of works. 


7. Explain the various methods of allocating oncosts, and 
give the kind of works in which each is applicable. How are over- 
head charges departmentalised ? 


8. Schedule the items that you would include in the estimation 
of the factory cost of a job, involving a casting and the use of four 
machines. 


267 


















THE INSTITUTION OF PRODUCTION ENGINEERS 


WORKSHOP PRACTICE AND PROCESSES. 
SaTURDAY, 22ND Apri, 1933. (4-0 pP.M.—6-0 P.M.) 


Maximum Marks, 200. 


Candidates to answer Three questions only. 


1. Define the terms: unilateral and bilateral limits, tolerance, 
clearance, interference, and hole and shaft bases. 

How would you check the size of a gap-gauge marked 3.7423 
inches ? 

2. Name two alternative methods of machining, which broach- 
ing has displaced. For each, describe one example of a component 
involving the operation, and state the advantage of broaching over 
the alternative method. 

3. Describe how the metal is separated when cutting (a) mild 
steel and (b) cast iron, and how this influences the choice of tool 
angle. Name the angles of a lathe tool. 

4. A lathe test on the machinability of a steel bar showed that the 
cutting speed (V feet per minute), and the area of cut (A square 

1.92 
inches) were connected by : Y¥ == ——————- + 13 
A+0.012 

For values of A from O to 0.05 square inches plot, (a) V against 
A, (b) cubic inches of steel removed per minute against V. If the 
cutting force is equivalent to a pressure of 150 tons per square inch 
of the area cut, plot Horse-Power absorbed against volume of steel 
removed per minute. 

5. Distinguish between a multi-purpose machine and a single 
purpose machine. Discuss the advantages and disadvantages of 
each type, and name two examples of each. 

6. The bolt shown in sketch below has to be machined from }” 
dia. brass bar on a single-spindle automatic machine. Spindle 
speed = 1,500 r.p.m. Feeds: turning = 0.006 inch per rev. ; 
cutting off = 0.002 inch per rev. Allow 0.5 second for rotation 
of the turret. Calculate the time per bolt. 
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7. Discuss the economics of using high-speed cutting steels 
and alloys and their influence upon (a) cost of production, (b) the 
design of machine tools. 

8. Sketch and explain a fixture for continuous milling, and give 
a rough dimensioned sketch of the component. 

How would you determine the least number of components 
which would justify the use of such fixtures. 

9. What are the constituent elements of a 25 ton mild steel ? 


Describe the processes involved, (a) to give it increased tensile 
strength, (6) to increase its surface hardness for resistance to wear. 


ESSAY AND INDUSTRIAL ECONOMICS. 


SATURDAY, 22ND APRIL, 1933. (6-30 P.M.—8-30 P.M.) 


Part I, 


Essay. Time allowed—43 hour. (50). 


Select one only of the following subjects : 


(a) Outline the scheme of your study of Economics, 
and discuss the value of this scheme to a Production 
Engineer. 


(b) The objects and methods of market analysis. 

(c) The types, uses of, and layout of tools for, any 
one of the following: capstan lathes; milling or 
boring ; power presses. 


(d) The principles and advantages of the hydraulic 
operation of machine tools. 
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Industrial Economics. Time allowed—1l} hours. Maximum 


Marks: 150. 
Candidates are required to answer Three questions only. 


1. Give a general account for differences in the rent of land 
and buildings. The price of a lease of 20 years for a factory is 
£15,000 ; calculate the equivalent annual rental—assume a five 
per cent. per annum rate of interest. 


2. Write short explanatory notes on any three of the following : 
Wealth, capital, value, agents of production, bill of exchange, 
localisation of industries. 


3. State the main kinds of shares, and explain their respective 
claims upon the profits of a public limited company, also the power 
of the various classes of shareholders to control the policy of the 
company. 


A company makes an average profit of five per cent. per article. 
How can it pay 15 per cent. per annum on its ordinary share 
capital ¢ 


4. How would you co-ordinate production with sales ? 

The average output of a works is 100 machines per week, and 
the average time for making a machine is three weeks. This firm 
began a production period with 300 orders in hand, and during 
each successive week the following orders were received: 121, 110, 
102, 100, 98, 78, 80, 85, 93 and 100. A strike during the eighth 
week completely stopped production for that week. Tabulate the 
production for each of the 10 weeks, and state the number of 
orders in hand. 


5. Explain, with illustrations, the advantages and disadvantages 
of horizontal combinations in industry. How do they differ from 
vertica! combinations ? 


6. What are the effects of the application to a manufacturing 
organisation of a system of payment by results ? 


7. What is meant by “ Rate of Exchange’? Discuss how its 
fluctuation affects foreign purchases of machinery. 
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